In a recent paper, 1 we examined whether oxytocin in the domestic dog modulates the maintenance of close social bonds in non-reproductive contexts. We found that exogenous oxytocin promotes positive social behaviors not only toward conspecifics, but also toward human partners. Here we examined in further detail the effect that oxytocin manipulation has on social play. When sprayed with oxytocin, subjects initiated play sessions more often and played for longer periods of time than when sprayed with saline. Furthermore, after oxytocin nasal intake dogs displayed play signals more often than after saline administration, suggesting that oxytocin enhances dogs' play motivation. To our knowledge, this study provides the first evidence that oxytocin promotes social play in the domestic dog. We use these results to hypothesize on the potential therapeutic use of oxytocin for promoting social behaviors and treating social deficits in the domestic dog.
Over the past several decades, extensive animal research has shown that the hypothalamic neuropeptide oxytocin plays an important role in the regulation of several behaviors associated with sociality, such as sexual behavior, pair-bonding, parental care, peer recognition, and social memory (for reviews see refs. 2, 3 ). More recent studies in humans have revealed that oxytocin is also involved in aspects of social cognition including social perception, emotion recognition, sensibility to the experiences of others, and pro-social behaviors (for reviews see refs. 4, 5 ). Building on these findings, researchers have suggested that the manipulation of the oxytocin system may be used as a tool for improving socio-cognitive abilities in individuals with social deficit disorders (e.g. autism spectrum disorder, social anxiety disorder, and borderline personality disorder; for reviews see refs.
6,7 ). In fact, in the last decade the effect of administered oxytocin has been tested in clinical populations, with several of these studies reporting beneficial effects of oxytocin on social attention and emotion recognition in autistic individuals, and a reduction of social anxiety in patients with social phobia and borderline personality disorder (e.g., refs. [8] [9] [10] [11] ). While at this point much remains unknown about the lasting effects of these benefits and the extent to which personality and personal history mitigate these beneficial effects, such findings are clearly grounds for optimism about the therapeutic potential of oxytocin.
A similar therapeutic use of oxytocin could be relevant to animal health. This clinical approach could be particularly interesting for companion animals showing behavioral problems related to social deficits. Each year, millions of dogs and cats arrive in animal shelters after abandonment, abuse, or relinquishment by their previous caregivers. The most widely reported reasons for relinquishment of dogs in USA are behavioral problems due to lack of proper socialization and habituation (i.e. fear and aggression directed to strangers or other dogs). 12, 13 Although in many countries there are approved drugs for the treatment of anxiety related disorders in domestic animals, 14 to date there is no drug for the treatment of social deficits. Thus, the development of pharmacotherapies that promote social integration in companion animals may be helpful in the treatment of selected behavior problems.
In a recent paper, 1 we showed that nasal intake of oxytocin promotes social bonding in domestic dogs. A total of 16 adult dogs from different breeds participated as subjects in a randomized placebo-controlled experiment (females D 8; male D 8; mean age 6.1 y (SEM D 0.7)). Each dog received a nasal spray of 100ml of oxytocin (40 IU, Peptide institute, Japan) or 100ml of saline solution, depending on the testing condition. All subjects received both conditions and each condition was carried out on different days. After spray intake, dogs stay in the experimental room (11.5 £ 6.5m) with their owners and a familiar dog partner, and their behaviors were video recorded for 60 minutes. Owners were instructed to sit quietly in the experimental room and not to actively interact with their dogs; while dogs could move freely in the room (for further details, see 1 ). We found that oxytocin caused dogs to engage in higher levels of affiliation and approach with their dog partners, suggesting that the experimental intranasal administration of oxytocin in dogs promotes affiliative motivation and facilitates bond formation and maintenance.
Here, we analyze in more detail the episodes of social play that took play during the experimental sessions in order to address the question of whether intranasal administration of oxytocin enhances social play in dogs. Play is a highly plastic and versatile behavior that generally occurs when animals are free from environmental and social stressors. 15 Although play is characteristic of early life stages, in many species social play continues into adulthood (e.g. rodents, 16 canids, 17, 18 primates 19, 20 ). Social play is thought to help animals to develop social and emotional flexibility, conflict resolution skills and appropriate reactions to unexpected situations. 15, [21] [22] [23] [24] It could also serve to assess social relationships and/or increase social affinity between individuals. 19, 25, 26 Social play is also associated with immediate benefits for the animals. Recent evidence shows that through play animals reduce tension around stressful situations, 27 or turn a stranger into a familiar individual. 28 Furthermore, play is frequently used as part of therapies to correct behavioral problems in dogs. 29 Thus, the combination of behavioral interventions with pharmacotherapies that promote affiliation in general and play in particular might be a potential fruitful strategy for the treatment of behavior problems in companion animals.
In the present study, all dogs that participated as partners had a friendly relationship with the subjects. Thus, we did not observe any agonistic behavior during the experimental sessions and none of the play sessions resembled or escalated into aggression. A play session started when an individual directed a play signal (including play bow, face paw, and exaggerated approaches and retreats 18, 21, 30 ) or any playful behavior (including nipping, inhibited bite, playchasing, mounting, play-fighting, and play-tackling 18, 21, 30 ) toward the partner, and ended when their activity ceased or one of the subjects moved away (>1 m). A new play session was recorded if at least 5 seconds elapsed between the end of the first bout and the start of the new bout. Only play sessions that lasted more than 5 seconds were included in the analysis (N D 74). All subjects but one were involved in at least one social play session (mean duration in seconds D 161.3 § 52.6 SE), and only one subject engaged in solitary play. Thus, solitary play sessions were excluded from the analyses. Given that social play is an interaction that requires the active involvement of both partners, the total time that 2 individuals play together depends on both individuals' motivation. Thus, we evaluated the subject's relative role in maintaining the play session by examining the production of play signals that are known to promote and/or facilitate play interactions. 18 , 31 We did not find any effect of treatment type on the frequency of play signals received (z D ¡0.255, N D 15, p D 0.799, Fig. 2A) . However, after oxytocin nasal intake dogs directed play signals to their play-mates significantly more often than after saline treatment (z D ¡2.090, N D 15, p D 0.037, Fig. 2B ). These findings suggest that the experimental administration of oxytocin had positive effects on dogs' motivation to interact in a playful way with conspecifics. Play has long been identified as a potential welfare indicator, 15 a facilitator of socialemotional learning, 22 and an implicitly rewarding behavior. 32 Thus, increasing 1 have provided behavioral evidence that exogenous oxytocin promotes positive social behaviors in the domestic dog. The present study extends this data showing that oxytocin manipulation also enhances play motivation, suggesting that this pharmacological intervention may be used to help manage a range of animal behavioral problems. The reader should note, however, that the positive effects of oxytocin on social approach, general affiliation 1 and play (this study) were observed in healthy dog participants. Hence, a key question is whether administration of oxytocin can influence social behaviors in animals with behavioral disorders. Caution is therefore warranted in the interpretation of our results, and further studies on whether and how oxytocin influences social interactions in clinic populations are clearly necessary.
In summary, this study provides the first evidence that administration of oxytocin increases dogs' motivation to play with conspecifics and refines our knowledge about the behavioral effects of exogenous oxytocin in dogs. A more thorough understanding of this peptide and its behavioral consequences in healthy individuals may help to design pharmacological interventions aimed at promoting social behavior in companion animals whose social skills have been compromised, such as dogs with poor socialization at earlier life stages. Further investigation is clearly necessary to further test oxytocin's behavioral effects on clinical populations.
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